METABOLISM OF NEMACUR

Metabolism of Nemacur [Ethyl 4-(Methylthio)-m-tolyl Isopropylphosphoramidate] and

Identification of Two Metabolites in Plants

T. Bill Waggoner

Nemacur-1*C,*H was injected into the stems of
beans, tomatoes, peanuts, and potatoes and the
plants were harvested at 7, 14, 21, and 28 days.
Two major metabolites were identified by tlc,
isotopic ratios, ir, and ms as II and III. Two minor
metabolites, IV and V, consisting of intact phos-
phoramidate structures, never accounted for more
than 1.5 and 0.2 %, respectively, of the total residue.
Their exact structures were not determined. The

significant acetylcholinesterase inhibiting residues
consisted of I, II, and III, and the remainder of the
radioactivity consisted of breakdown products.
Compounds II-IV were more active as acetyl-
cholinesterase inhibitors than I. The phenols from
IT and III were detected in the organosoluble frac-
tion. An analytical residue method for plants
should include I-IIL.

metabolites of ethyl 4-(methylthio)-m-tolyl isopropyl-

phosphoramidate (I} in plants (Figure 1). The oxida-
tion of the CH,;S group was expected, since earlier work
showed that it was a precursor to CH,SO and CH;SO: in
biological systems (Benjamini er al., 1959). The presence
of these oxidation products would need to be incorporated in
the development of an analytical residue method for plants
(Thornton, 1971).

The purpose of this study was to identify the major

EXPERIMENTAL

Labeling of I. Separate dual-labeled experiments were
conducted utilizing carbon-14 (*C) and tritium (*H): Ex-
periments 1-6, 14C;-ethyl 4-(°*H-methylthio)-m-tolylisopropyl-
phosphoramidate, *H dpm/!*C dpm (3H/*C)—2.5; and Ex-
periments 7-12, ethyl 4-(*H-methylthio)-m-tolyl !*Cy-iso-
propylphosphoramidate, *H/'*C—2.1. Specific activities
were 14Ci-ethyl—1.62 mCi/mmol, **Cs-isopropyl—0.23 mCi/-
mmol, and !H-methylthio—12.9 mCi/mmol.

Standards. Unlabeled I was used for the preparation
of the corresponding sulfoxide (II) and sulfone (IIT) by oxida-
tion with H,O, and KMnO, to give II and III, respectively
(Figure 1).

Plants. Top Crop bush beans (Phaseolus vulgaris), Rut-
gers tomatoes (Lycopersicon esculentum), and Mammoth
Jumbo Peanuts (Arachis hypogaea) were started indoors in
Jiffy-7 peat pellets under fluorescent lights. The dry com-
pressed peat pellets (0.5-in. height) expanded to a 4-in. height
when soaked in water for 30 min. The seeds were germinated
in the expanded pellets and the seedlings were transferred to
individual clay pots (one plant per pot) and planted in sand
while retaining the peat pellets intact. Five days prior to
treatment with I, the plants were moved outdoors. The
ages at the time of treatment were 4 weeks (beans) and 6 weeks
(tomatoes and peanuts).

Kennebec white potatoes (Solanum tuberosum) were started

Chemagro, a Division of Baychem Corporation, P.O. Box
4913, Kansas City, Missouri  64120.

and grown indoors in 6-in. clay pots. Six potato plants per
pot were treated at age 6 weeks.

Treatment. Fach plant was injected in the main stem with
20-50 u! of an ethanol:water (1:1) solution of I at a position
1-2 in. above the soil level. Treated plants were harvested
at 0, 7, 14, and 28 days (three plants per interval). Zero-day
intervals were 2-3 hr after treatment.

Thin-Layer Chromatography (tic). Fresh precoated glass
plates (Brinkmann) of silica gel Fy;; were stored in a desiccator
and used without further activation. Three solvent systems
were utilized (v/v): Solvent 1, chloroform:ethanol (24:1),
Solvent 2, ether:acetone (9:1), and Solvent 3, ether:acetone
1:1).

Extraction Procedure. The main stem was cut at the soil
level and the entire plant was chopped with dry ice in a blender.
The sample was then stored in the freezer while the dry ice
sublimed within 24 hr.

Approximately 20 g of the fresh homogenous plant
material were mixed with 20 g of sodium sulfate in a
blender for 2 min with 200 ml of acetone. The mixture
was filtered and the filter cake was reextracted with an addi-
tional 100 ml of acetone. The extracts were combined and
concentrated in vacuo to 25 ml. Aliquots of the concen-
trated acetone extract were fractioned by tlc with ether:ace-
tone (1:1) and the areas of radioactivity were eluted with
acetone or methanol. The fractions were each concentrated
in vacuo at 30° C and rechromatographed with chloroform:
ethanol 24:1). The extracted plant solids were analyzed for
radioactivity.

Purification of Metabolites. A portion of the crude acetone
extract was chromatographed on silica gel preparative thin-
layer plates (8 X 8 in.) with Standards. The radioactive
areas corresponding to the respective standards were eluted
with acetone. The eluant was concentrated and rechromato-
graphed using solvent systems 1, 2, and 3 to give a single
radioactive component free of impurities.

Infrared (ir) Spectra. After purification of the metabolite,
the compound (approximately 20 ug) was concentrated on the
tip of a KBr Wick-Stick (The Harshaw Chemical Co.) using
acetone as the developing solvent. A 0.5 mm pellet was
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Figure 1. Structures of ethyl 4-(methylthio)-m-tolyl isopropyl-

phosphoramidate (I), ethyl 4-(methylsulfinyl)-m-tolyl isopropyl-
phosphoramidate (II), and ethyl 4-(methylsulfonyl)-m-tolyl isopro-
pylphosphoramidate (IIT)
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Figure 2. Flow chart for isolation of metabolites

prepared from the tip of the Wick-Stick with an Ultra Micro
Die (No. 186-007, Perkin-Elmer Corp.). The actual amount
of compound in the micropellet was 5-10 ug. The spectra
were determined on a Perkin-Elmer Model 21 recording spec-
trophotometer equipped with a 6X microsampling unit,
beam condenser (Perkin-Elmer, No. 196-0011). Standards
(20 wpg) were also carried through the purification procedure
starting at the tlc stage prior to the preparation of their KBr
pellets.

Mass (ms) Spectra. The metabolites and standards were
purified as above. The compounds were then concentrated
into capillaries (5 ul capacity) suitable for use in the direct
probe. Spectra were determined on a quadrupole laboratory
mass spectrometer (Finnigan Instruments, Model 1015).

Counting Procedure. Radioactivity was determined by a
modified wet combustion technique consisting of perchloric
acid-hydrogen peroxide digestion of samples, solubilization,
and subsequent liquid scintillation counting (Mahin and
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Figure 3. Purification of metabolites for ir and ms analysis

Lofberg, 1966). A 0.2 g (or 0.2 ml) sample was weighed (or
pipetted) in a counting vial. Hydrogen peroxide (0.2 ml of
309%) and perchloric acid (0.2 ml of 70%) were added. The
vial was stoppered with a cap lined with a silicone gasket and
heated to 75° C in an oven until the contents were colorless
(30-45 min). The vial was cooled in Dry Ice-acetone. Con-
centrated ammonium hydroxide (0.2 ml) was added to the
vial followed by 8.0 ml of ethyleneglycol monomethyl ether
and finally 10 ml of Spectrafluor (Nuclear Chicago, 168 ml
diluted to 1 1. with toluene).

Samples were counted with a Packard Model 3375 liquid
scintillation spectrometer. Tlc plates, 2 X 8in., were scanned
with a Packard Model 7201 radiochromatogram scanner
equipped with a tlc scanning attachment. Plates, 8 X 8 in.,
were scanned with a Varian Aerograph Model 6000-10 thin-
layer scanner.

Acetylcholinesterase Assay. An in vitro system consisted
of 20 mg of acetylcholine bromide (Sigma Chemical Co.),
18.6 mg of MgCl,, 30 mg of NaCl, 0.2 mg of acetylcholin-
esterase, Type IV from horse serum (Sigma Chemical Co.),
0.025-0.050 ml of Standards or IV, and enough 0.01 N
NaOH to give a final volume of 5.5 ml and pH 8.0. Stan-
dard or IV was incubated with the enzyme for 1 hr before the
reaction was initiated by addition of the substrate. The rate
was determined by following the pH change, initially at 8.0
during the first 2.5 min of reaction time. Readings were
observed at 30-sec intervals. The formation of [HT] was
proportional to the enzyme concentration in this system and
was linear from 0 to 2.5 min reaction time at a constant rate.
The amount of I, II, III, and IV required to decrease the rate
of reaction by 50 9 (15,) was determined.

RESULTS AND DISCUSSION

The general isolation scheme for all fractions is shown in
Figure 2. Tentative identifications of I, 11, and I1I were made
from tlc data and *H/'*C ratios. The relative mobilities for
all tlc systems were I > III > II. In Experiments 1-6, the
isotopic ratios of isolated I, II, and III were 2.5, which was
identical to the ratio of I administered. In Experiments
7-12, the 3H/*C ratios of isolated I, II, and III were 2.1,
which was identical to the ratio of I administered. Therefore,
the phosphoramidate structures were assumed to be intact.

The distribution of radioactivity for Experiments 1-12
is summarized in Table I.  The polar fraction represented the
radioactivity from the area R; 0.0-0.1 on the silica gel plate.

At intervals 1-3 days posttreatment, approximately 5%



METABOLISM OF NEMACUR

Table 1.

Distribution of Radioactivity In Plants From Nemacur-1¢C

% Distribution

Interval,
Expt no. days

14C)-Ethy!l

Plant I

w

0 Tomato 8
7 Tomato 0
7 Peanut 2
14 Peanut 0
14 Bean 0
28 Bean 0

A bW

14Cy-Isopropyl
7 0 Tomato 38

7 Tomato 0
9 7 Peanut 10
10 14 Peanut 3
11 14 Bean 0
12 28 Bean 0

8

%
Polar total

1 I fraction Solids recovery

48 0 11 3 93
33 33 22 12 38
35 15 15 33 47
15 10 15 60 25
31 0 7 62 24
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Figure 4. Ir spectra of metabolites II and III and their correspond-
ing standards

of the radioactivity in the acetone extract moved with the
solvent front on thin-layer plates using solvent 3 (Figure 2),
and contained only carbon-14. Subsequent tlc on silica gel
plates developed with n-hexane indicated at least four com-
pounds which were probably naturally occurring, but were
not identified in this study.

Since the highest concentration of IT and III occurred about
7 days after treatment (Table I), additional amounts of me-
tabolites were isolated at this interval to confirm the struc-
tures. Six tomato plants were injected with 3H/'¢C-ethyl
parent plus 1 mg of unlabeled I. Some phytotoxicity oc-

curred at the injection site. Compound I and metabolites
II and III were isolated at the 7-day interval for subsequent
confirmation of structure. The purification and preparation
for ir and ms analyses are summarized in Figure 3.

The ir spectra of the metabolites and their corresponding
standards are shown in Figure 4, Absorption from 5.6~
5.8 u was due to residual acetone in the micropellet. After
ir analysis, the micropellets were extracted. The actual
amounts in the micropellets were calculated from the radio-
activity recovered in the extract. The *H/!‘C ratio was un-
changed.

The molecular ion peaks of the metabolites from ms analysis
were 319 for 11 and 335 for TII. Identical molecular ion
peaks was observed with the corresponding standards. A
molecular ion peak of 303 was observed for Standard I.

Small amounts of other metabolites, Compounds IV and V,
were partitioned into chloroform from the aqueous polar
fraction (Figure 1). For Experiments 1-12, Compound IV
never accounted for more than 1.5 % of the total residue in the
plant and was absent at 28 days posttreatment. Compound V
never accounted for more than 0.2 %7 of the total residue in the
plant and was absent at 7, 14, and 28 days posttreatment.
The structures of IV and V were not confirmed, but their
SH/**C ratios corresponded to that of I, indicating intact
phosphoramidate structures.

For isolation of IV, six potato plants were stem-injected
with 14Ci-ethyl 4-(methylthio)-m-tolyl isopropylphosphor-
amidate diluted with 50 mg of unlabeled 1. The plants were
harvested and extracted with acetone 40 hr posttreatment,
The extract was concentrated in vacuo at 30° C to a thick
syrup. Water (50 ml) was added and the aqueous solution
was extracted three times with 50 ml of chloroform. The
combined chloroform extracts contained 979 of the total
radioactivity solubilized. Compound IV was isolated on
silica gel preparative plates developed with acetone and com-
prised 7.4 %; of the total residue in the chloroform extract.

Compound IV (R; 0.35) was more polar than standard 11
(R; 0.64) for the silica gel-acetone system. Attempts to
identify a molecular ion peak of IV from ms analysis were
unsuccessful. Basic hydrolysis of IV gave a product which
showed an R; identical to the corresponding sulfoxide phenol
on tle. The molecular ion peak of the unknown was 170
from ms analysis, the same as observed for a sulfoxide phenol
standard. Further investigations of IV and V are being con-
tinued.
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Table II. Inhibition of Acetylcholinesterase by Nemacur
and Its Metabolites

Iso Relative

pg/mg inhibition

Compound Molar concentration enzyme % of I
I 18.0 X 107¢ 200 100
11 9.7 X 107 120 167
1 9.7 X 107* 120 167
IV (unknown) 3.6 X 109 30 670

The relative inhibition of acetylcholinesterase by I and its
metabolites is shown in Table II. The concentrations of IV
were based on mol wt 303. The enzyme system was based
on that described by Nachmansohn and Wilson (1955).

The greater activity of IT and III was consistent with earlier
findings, where CH,SO and CH,SO; in the para position of
4-substituted 2,5-xylenyl diethyl phosphates showed increas-
ing Is values over CH,S as inhibitors of housefly-head cho-
linesterase (Metcalf ez al., 1964).

The I, values for I-IV fall within the range of the majority
of organophosphates (O’Brien, 1960). The values for I-Iil
were from standards, whereas the value for IV was from the
isolated compound.

The increased activity of IV could be a result of the oxida-
tion of the amido portion shown previously for schradan
(O’Brien, 1960). A loss of the isopropyl substituent to give
an unsubstituted amidic acid was not expected, based on the
mechanism of hydrolysis of phosphoramidates (Garrison
and Boozer, 1968).

The chloroform extracts from the polar fraction (Figure 2)
consisted of two compounds containing only tritium. These
were identified as the free phenols of II and III by tlc. Hy-
drolysis of phosphoramidates in biological systems has been
shown to be a major pathway (St. John and Lisk, 1970).
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The distribution of radioactivity (*.H/!*C—2.6) in the plant
solids from !4C;-ethyl label was highest at 28 days posttreat-
ment comprising 63 % of the total residue. The solids were
reextracted with ethanol:water (16:1) in the blender and an
additional 17% was solubilized. The extract contained
mostly tritium and the 2H/14C ratio in the solids decreased to
1.1. The radioactivity in the solids was attributed to break-
down of the phosphoramidate structure, and therefore the
unextractable residue did not contribute to the total toxic
residue.

The results of this study show that residues of Nemacur in
plants consist mostly of the sulfoxide (II), smaller amounts of
sulfone (IIT), and very little if any sulfide (I) at intervals of 7
days and greater. Therefore, an analytical residue method
must include I-III for determining the total cholinesterase
inhibiting compounds. The low amounts of IV and V which
were found do not contribute significantly to the toxic resi-
dues. The study of acetylcholinesterase shows that the
metabolites are more active than I; however, the relative
toxicities of I-1V to mammalian organisms are unknown.
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